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® A phosphonic diester derivative represented by general formula (1). It has the effect of reducing blood sugar 
and lipid levels, and so forth, and is useful for treating diabetes, hyperlipidemia, and the like. 
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TECHNICAL FIELD 

The present invention relates to novel phosphonic diester derivatives. 
PRIOR ART 

The phosphonic diester derivatives of the invention are novel compounds not heretofore described in 
the literature. 

DISCLOSURE OF THE INVENTION 

The object of the invention is to provide compounds of value as medicines as will be described 
hereinafter. 

The present invention provides a phosphonic diester derivative of the following general formula (1): 




R6 



[wherein R\ R 2 and R 3 are the same or different and each represents a hydrogen atom, a lower alkyl group, 
a phenyl group, a lower alkoxy group, a halogen-substituted lower alkyl group, a halogen-substituted lower 
alkoxy group, a lower alkanoyl group, a benzoyl group, a (lower)alkoxycarbonyl group, a nitro group, a 
halogen atom, a (lower)alkylthio group, a phenyl(lower)alkoxy group, a carbamoyl group or a (lower)- 
alkoxycarbonyl(lower)alkoxy group; R 4 represents a hydrogen atom, a lower alkyl group or a phenyl(lower) 
alkyl group; R s and R 6 are the same or different and each represents a lower alkoxy group, a phenyl group, 
a phenoxy group, a phenyl(lower)alkoxy group or a hydroxyl group; A represents a carbon atom or a 
nitrogen atom; B represents a group of the formula = NR 7 (where R 7 represents a hydrogen atom, a lower 
alkyl group or a phenyl(lower)alkyl group), an oxygen atom or a sulfur atom; Y represents a group of the 
formula C = 0 or a group of SO2; X represents an oxygen atom or a bond; Z represents a lower alkylene 
group optionally having a lower alkyl or phenyl(lower)alkyl group as a substituent or a bond; provided, 
however, that X and Z do not concurrently represent bonds] 

Each of the groups relevant to the above general formula (1) includes the following exemplary species. 

The lower alkyl group includes straight- or branched-chain lower alkyl groups such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, hexyl and so on. 

The lower alkoxy group includes methoxy, ethoxy, propoxy, isopropoxy, butoxy, pentyloxy, hexyloxy 
and so on. 

The halogen-substituted lower alkyl group includes trifluoromethyl, pentafluoroethyl, heptafluoropropyl, 
nonafluorobutyl, undecafluoropentyl, tridecafluorohexyl and so on. 

The halogen-substituted lower alkoxy group includes trifluoromethoxy, pentafluoroethoxy, hep- 
tafluoropropoxy, nonafluorobutoxy, undecafluoropentyloxy, tridecafiuorohexyloxy and so on. 

The lower alkanoyl group includes acetyl, propionyl, butyryl, valeryl, pivaloyl, hexanoyl, heptanoyl and 
so on. 

The lower alkoxycarbonyl group includes methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, butox- 
ycarbonyl, pentyloxycarbonyl, hexyloxycarbonyl and so on. 

The phenyl(lower)alkyl group includes benzyl, 2-phenylethyl. 3-phenylpropyl, 4-phenyIbutyl, 5-phenyl- 
pentyl, 6-phenylhexyl and so on. 

The halogen atom includes fluorine, clorine, bromine and iodine. 

The lower alkylthio group includes methylthio, ethylthio, propylthio, butylthio. pentylthio. hexylthio and 
so on. 

The phenyl(lower)alkoxy group includes benzyloxy. 2-pheny!ethoxy, 3-phenylpropoxy, 4-phenylbutoxy, 
5-phenylpentyloxy, 6-phenylhexyloxy and so on. 
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**■ °' » I"**" no, only prices tne-apertc and PBS^STX^^hjTS 

The phosphonic diester derivative of general formula (1) according to the invention r*n h« « m n ^ 
several different processes. Some exemplary processes *e scHerna^^^ZZ PM by 

(Reaction Schema-1) 
Rl 

ril — N 



25 



30 



35 



40 



R2 
R3 



" H C/ N X-Z-P-R5a 
' I 

(2 > (3) 



R3 



0 

II 



R4 X-Z-P-R5a 

I 



(1 a) 



R6a 



ioH 8 ^' R2 " R3 ' R *" * B ' * Y ^ Z " as defined nereinbefore. R s * and R* are the same or different 
<s g'oupT rePr8SentS 3 ' 0Wer ^ 9r ° UP ' 3 Pheny ' *"* 3 ^'('^oxy grou^a 

can ^oSJS I" T* Sh ° Wn in ReaCti °" Schema " 1 - »• °bjectVe compound (1a) of the invention 

HZJL T b V° a T 9 C ° mp0Und (2) With acid chlorid8 derivative (3) in the presence of an acid 

SSSh h IT ^ Th9 ^ S0 ' Vent menti0ned above includes - among others. ammTtic or 

so 2^ h 2T , fS >UC I 33 ben2ene ' t0luene ' xy,ene ' petrol9um ether ' ete - acv,ic °' cyclic 

rnett. 1?, ; 1 ' 2 - d,methoxvethana - tetrahydrofuran (THF), 1 .4-dioxane, etc.. ketones such as aitone 
methyl ethyl ketone, acetophenone. etc.. and halogenated hydrocarbons such as dichlorometiVane chlJ 

Se rL f " ■ N ^' ethy,aniline - ^^y'^orpholine. pyridine. 4^imethy.aminopyridine and so on. 

» , T, Unt °' Sa,d C ° mp0Und (2) and acid ch,oride derivative <3) ia «* particularly critical bS the 

SSt in a " e<, rr <0 9X0688 Pr ° POr,i0n With r6SpeCt to *« uVua!" he ac d 

SSTJT « ~ 13 Pref6rab,y used in 30 9quimolar or excess P ro P° rtio " ^lative to said acid 

Iwl rtZTJ^* h 8Cti ° n Pf0Ce9dS Under C00,ing> at room tempera,ure « unda ' heating butS 
usually advantageous to conduct the reaction within the temperature range of O'C to the reflux temperature 
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of the solvent used. Generally the* reaction goes to completion in about 0.5-10 hours. 

(Reaction Schema-2) 
Ri 



::<^„ * i A, 



0 

II 

10 R3' NH q "X-Z-P-R5a 



R 4 R6a 

C2) ( 4 ) 




25 (la) 



R6a 



[wherein R\ R 2 , R3, R\ rs» , r** A( B, X, Y, and Z are as defined hereinbefore] 

According to the process shown in Reaction Schema-2. the objective compound (1a) of the invention 

30 can be obtained by reacting compound (2) with compound (4) in the presence of a condensing agent in an 
inert solvent. The inert solvent which can be used is any of the known aprotic solvents, although N.N- 
dimethylformamide (DMF) is particularly useful. The condensing agent includes, among others, N,N*- 
dicyclohexylcarbodiimide (OCC), 1-hydroxybenzotriazole, N-hydroxysuccinimide. diethyl cyanophosphonate, 
diphenylphosphoryl azide and so on. It is particularly advantageous to employ diethyl cyanophosphonate in 

35 combination with triethylamine. The relative amount of compounds (2) and (4) in the above reaction is not 
critical but can be liberally selected from a broad range. However, it is generally recommendable to use the 
former compound in an equimolar or excess proportion, preferably an approximately equimolar proportion, 
relative to the latter compound. The above condensing agent is used in an equimolar to excess proportion, 
preferably a small excess, relative to compound (4). This reaction is conducted generally under ice-cooling 

40 to room temperature for about 0.5 - 2 hours. 
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(Reaction Schema-3) 
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(1 b) 



O 
II 

X-Z-P-R5b 
I 

R6a 




Partial hydrolysis 



(1 c) 



X-Z-P-OH 
I 

R6a 



30 



35 



Z«l£\ h' ? ' R ; A> B ' X ' Y and 2 3re 33 d8fined above - RS " a lower alkoxy group] 

with^Zrhlr^h r in ? ReaCti ° n Sch6ma - 3 iS Carried out »* " ac «"9 com^ndTlb) 
ZJil^ f 1 Um br ° mide ' ' ithium Ch,oride - lithium iodide - etc - an ° thereafter treating the 

ZTZ ZZt T 3 mmeral acid such 38 Chloric acid, sulfuric acid and so on. The a^veTeactSn 
can be ca-ned out ,n an inert solvent, such as acetonitrile, DMF, etc.. using a stoichiometric^cess TtSe 
l.th.um hal.de at room temperature " the reflux temperature of the solvent for 5 - 24 houre 

formS > r^? a „T P ° UndS ^P^^ 0 " of <™P°und of the invention, compounds of the 
formulas (3 ) and (4 ) can be prepared by the processes shown below in Reaction Schema-4 
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(Reaction Schema-4) 
OH 




COOR + Br - Z'-C 
w ( 5 ) ( 6 ) 



0- Z'-C t 




P (R5c) 3 

COOR > 

(8) 



20 (7) 



0 

II 

O-Z' -P-R5c 

R 6b Hydrolysis 




COOR * 
(9) 

O O 

<< II 

O-Z' -P-R5c o-Z' -P-R5c 

' _ c . Chlorination 1 

R6b ^\ R 6b 




COOH '^jtJ-COC^ 
C4' ) (3' ) 



[wherein R 5 * represents a lower alkoxy group, a phenoxy group or a phenyl(lower)alkoxy group; R 6b is 
45 identical to R 5c ; T represents a lower alkylene group; R represents a lower alkyl group] 

Referring to the above schema, the reaction between compound (5) and compound (6) is carried out in 
the presence of an alkali, such as sodium carbonate, potassium carbonate, sodium hydrogen carbonate, 
sodium hydroxide, etc., in an inert solvent, such as DMF, N.N-dimethylacetamide (DMA), hexamethyl- 
phosphoric triamide (HMPA), acetone, methanol, ethanol, methanol-water, ethanol-water and so on. This 
so reaction goes to completion in about 5 - 30 hours at room temperature to the reflux temperature of the 
solvent. 

The resultant compound (7) can be reacted with a phosphorous triester (8) to give compound (9). This 
reaction can be carried out in a solvent such as lower alcohols, aromatic or aliphatic hydrocarbons, DMF, 
etc. but is preferably conducted in the absence of a solvent in most cases. If necessary, a salt of iodine 
55 such as sodium iodide, potassium iodide, etc. can be added to the reaction system and usually the reaction 
is preferably conducted using said phosphorous triester (8) in excess at a temperature of about 130 - 
170 • C for about 1 • 20 hours. 
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55 



the n?ir P rll 9 !.l a :;^. : tehydr0,y2ed * «W «•>• ™S Hydrolysis reaction is carrier, „,„ h 
hydroxide solutio^ ^^J^^ZZTZ ^ 
goes to completion in about 1 - 1 hoSstu temoer a Z T ? ?* 2 ' Pr ° Pan °'- ^ 3nd this reacti °" 
The compound (4') can be chlorinaTed at ST SSi . r ? betW " n ° ' C and room ^P^ture. 
reaction is carried oil using d^h,oZeC %£T££?Jl f? ~ mpound ^ ™* Nation 
the solvent and a small excess of S StoS^SS^^ If •? ? S, " 9ly or in c ™°ination as 
» as the chlorinating agent at S^KS* ~o SSui f-TnTs Pen,aCh, ° rid9 °' - 

» -^r^^ proc r; s r be easi,y iso,ated ' 3nd * - 

-ayer chromatography ZI^Z^SZ^T^ • «*- 

UW* and „ sdw^ , m „ teye(1 B „ ^ "««•-«. »Xttn. 

om „l? en ^ COmpound of the inventi °" is to be provided in an injectable form such as a solution 

e toZJL Lt I ? ^ e SUCh 3 PWtton. water, ethyl alcohol, macrogols, propylene glycof 
ethoxylated sostearyl alcohol, polyoxy-isostearyl alcohol, polyoxyethylene sorbitan fat^ add eiers ete" 

n a su2„°t ye am " ?'? operat !° n ' sodium ch,orid9, 9,ucose or ™* b ° 

iii^:^^ " iso,onic so,u,ion and 1,19 conv9nuonaj so,ubi,i2er - - « 

uah •? 9 eye ' drops can be manufactured in the conventional manner using sterile distilled water as the 
veh.cle. sod-urn dihydrogen phosphate and/or sodium monohydrogen phosphate for insta^S i theLer 

sfjssss^:- as ,he isotonizin9 a " nt - and b — m ^ :2 srs 

If necessary, various coloring agents, preservatives, perfumes, flavors, sweeteners etc as well as other 
Pharmacology active substances can be incorporated in the various dosage forms me^Jlve 
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There is no particular limitation on the treatment regimen for the pharmaceutical composition of the 
invention. Thus, the proper regimen can be determined according to the particular dosage form, patienfs 
age, sex and other characteristics, severity of disease and other conditions. For example, said tablets, pills, 
solutions, suspensions, emulsions, granules and capsules are administered by the oral route. The injections 
5 are administered either as they are or in admixture with the conventional glucose, amino acid or other 
infusions by the intravenous route or, if necessary, alone by the intramuscular, intradermal, subcutaneous or 
intraperitoneal route. The suppositories are administered intrarectally and the eye-drops are instilled into the 
eye. 

The proportion of the compound of the invention in the pharmaceutical composition described above is 
io not much critical and can be liberally selected from a broad range. Generally, however, it is advantageous 
to insure that the compound accounts for about 1 to 70 weight % of the final composition. The dosing 
amount of the pharmaceutical composition can be selected according to the selected regimen, patient's 
age, sex and other characteristics, severity of disease and other conditions. Generally, however, the dosage 
of the compound of the invention as the active ingredient is preferably about 0.5 - 20 mg per kg body 
/5 weight and this amount can be administered in 1 ~ 4 divided doses. In the case of an ophthalmic 
preparation for topical application, the dosage of the active compound is preferably selected from the range 
of about 0.3 - 2 u.g. 

BEST MODE FOR PRACTICING THE INVENTION 
20 "~~ ~ ~" " ~ ' ~ - " 

The following production examples for the compound of the invention, formulation examples for 
pharmaceutical compositions using the compound of the invention and pharmacological test examples are 
intended to describe the invention in further detail. 

25 Example 1 

Production of diethyl 4-[(2-benzothiazolyl)carbamoyl] benzylphosphonate 

In 30 ml of dry dichloromethane were dissolved 3.0 g of 2-aminobenzothiazole and 10 ml of pyridine 
30 and while the resulting solution was stirred under ice-cooling, a solution of 5.8 g 4-[(diethoxyphosphoryl)- 
methyl]benzoyl chloride in 10 ml dry dichloromethane was slowly added dropwise. The stirring was 
continued at room temperature for 10 hours, after which the reaction mixture was diluted with 30 ml of 10% 
aqueous sodium hydrogen carbonate solution and extracted with chloroform. The chloroform layer was 
washed serially with 30 ml of 10% hydrochloric acid and 30 ml of water and dried over anhydrous sodium 
35 sulfate and the solvent was distilled off under reduced pressure. The residue was subjected to silica gel 
column chromatography (eluent: chloroform-ethyl acetate = 1:1) and the resulting crude crystals were 
recrystallized from ethanol to provide 6.8 g of the title compound as colorless crystals. The structure and 
melting point of the compound thus obtained are shown in Table 1. 

40 Example 2 - 26 

Various species of the compound of the invention were obtained in the same manner as Example 1. 
The structures and melting points of these compounds are also shown in Table 1 . 

45 Example 27 - 45 

Various species of the compound of the invention were produced in the same manner as Example 1. 
The structures and melting points of these compounds are shown in Table 2. As to an oily compound, its 
1h-nmr spectrum and mass spectrum (MS) are also shown in the table. 

50 

Example 46 

Production of ethyl 4-[(4-methoxybenzothiazol-2-y1)-carbamoyl]benzylphosphonate 

55 In 50 ml of dry acetonitrile were suspended 5.2 g (12 mM) of the compound obtained in Example 3 and 
5.2 g (60 mM) of lithium bromide and the suspension was reftuxed for 20 hours. The reaction mixture was 
then allowed to cool to room temperature and the resultant precipitate was recovered by filtration and 
washed with three 60 ml portions of acetonitrile. The crystals thus obtained were dissolved in 400 ml of 



9 



EP 0 604 657 A1 

water and while the solution was stirron a » rr *~ . 

gradually added. Th« JS °1 "J*"** '°° m ^^fure. 10 ml of concentrated hvrtrn^ .... 
resu tant crystals were recovered by filtration and l7ZTZ^ll Z<?*> * ** and °' Which fi ™ *. 
crystals thus obtained were suspended in 200 ml 0 " hoTlL^T S m ' P ° rti ° nS 0f wa,er - T "» crude 
5 nitration and washed with 50 ml of methanol The £2^222 ^ "J inS °' Ub,eS were by 
methane-chloroform (1.1) and the inso.ub.es W^SlST iT! *"* >r Sus ^ 200 ml of 
methanol and 50 ml of chloroform in the ordeTlnS , ' tral ' 0n and washed "«h 50 ml of 
colorless crysta, The structure and J^ZZS^^^^** ~ * 

*o Example 47 

ProdUC «°-< d *^^^ 

- 0, -M 4-nydroxyben.oate. 31.6 , (0.22 mole) 

20 hours. The reaction mi xture w£ VL ^C^^T ,h9 mixture '^o 

Itered off. The filtrate was concentrated unlr ^ and the «" -alter was 

15 g (0.1 mole) of sodium iodide and 50 g (0 hm£» S k ,h9 / esu,tant oi, V r ««ue were added 

160.C for 18 hours. The reaction mixture iSV^^t^^ ?* ** W3S Sti ' red « 

of ethanol was added to the reaction mixture vE 2T2£ °° m tem P eratu ^. after which 50 ml 

N aqueous sodium hydroxide ^Z^ZZZ^ZZ^^ 100 m » - 2 

temperature for 12 hours, at the end of which 1^1 so mf t The mixture was ^ « room 

After phase separation, the water ly^ TJ^ T^l 2 *"? 150 m ' ° f Ch,oroform ««• added 
N hydrochloric add and exacted Z ^STS^S^J^ 150 ml of 4 

dned over anhydrous sodium sulfate and conceit uZr h I WaShed with 200 ml of water, 
by silica gel co.umn chromatograp^e^ PreSSUra ^ residue wa s purified 

(di tr» ,o provide 33 9 ° f hz - 

the s^en^ S^T.WJ ^ ^ — - - 
DMF were added . ^ mjxture * J( ^ th.ony. chloride and 0.22 g (3 mM, of 

then directly subjected to a reaction similar to Z : deLJLd EV ' I ° reSU ' tin9 r9action «°* 
The struclure and melting point of thii ^Z^eSZ^ZT " ** 

Example 48 

The structure and melbng pomt of this compound are shown in Table 2. 
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Table 1 




OEt: ethoxy group. Me: methyl group. 
OMe: methoxy group. Ph: phenyl group 

Example \ 
Structure: 

Rl =R2 =R3 =R4 = H . R5 =R6 = OEt x A = C H N B = S. 
Y = C = 0 

"P 1 18 9. 5~1 9 It Recrystallization Solvent: Ethanol 

Example 2 
Structure: 

Rl =4-Me. R2 =R3 =R4 = Hn R5 =R6 =OE t N 
A = C H N B = S S Y = C = 0 
Mp: 1 5 4-1 5 6°C 

Recrystallization Solvent: Chloroform-n-hexane 



Example 3 
Structure: 

Rl =4-OMe N R2 =R3 =R4 =H> R5 =R6 =OEt x 
A = C H N B = Sx Y = C = 0 

166-168*^ Recrystallization Solvent: Ethanol-n-hexane 
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Example 4 
Structure: 

R 1 =4-OCF 
A 



MP : 2 2 7 - 2 2 8°C Recrystallization Solvent: Ethanol 



Example 5 
Structure: 

r1 =4-ci >r 2 =r 3 =r « =h . R 5 =R6 

A = CH. B = S, Y = C = 0 
"P : 1 83-1 84. 5°C 

Recrystallization Solvent: Chlorofonn-n-hexane 

Example 5 
Structure: 
R 1 =6-M 

"P : 2 10-21 2*t 

Recrystallization Solvent: Chloroform-n-hexane 



= OE U 



-iu Lure : 



Example 7 
Structure: 

f ru~» M t^ ^ =R3 =R4 r5 = r6 = 
A = CH N B = S X Y = C = 0 

"P : 1 7 5-1 7 7V 

Recrystallization Solvent: Chroloform-n-hexane 



OE t N 



Example Q 
Structure : 

^rS'S 8 !* r2 = r3 =R 4 =H, R 5 =R6 
A = CH N B = S. Y = C = 0 

^ 2 04. 5-206. 5t 
Recrystallization Solvent: Chloroform-n-hexane 



= OE t N 



so 



ss 
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Example 9 
Structure : 

R 1 =6-F, R 2 =R 3 =R 4 =H. R5 =R6 =OEt, A = Crk 

B = S N Y = C = 0 
MP : 2 10. 5-2 12. 5V 
Recrystallization Solvent: Chlorofonn-n-hexane 



Example \ Q 
Structure: 

R 1 =6-C U R 2 =R 3 =R 4 =H V R5 =R6 =OE t. 
A = CH> B = S X Y = C = 0 
"p: 2 2 7-22 9TJ 

Recrystallization Solvent: Chlorofonn-n-hexane 



Example \ \ 

Structure: , 
R 1 =6-B r> R 2 =R 3 =R 4 = H N R5 =R6 =OE t. 
A = CH, B = S N Y = C = 0 

228-229. 5°C Recrystalization Solvent: Ethanol-n-hexane 

Example 1 2 
Structure: 

R 1 =6-N0 2 N R 2 =R 3 =R 4 =H. R5 =R6 =OEt, 
A = CH X B = S N Y = C = 0 
MP : 2 49-25 1t: 

Recrystallization Solvent: Ethyl acetate-n-hexane 



Example \ 3 
Structure: 

R 1 =4-OM e> R 2 =6-OMe. R 3 = R 4 =H. 
R5 =R6 =OEt N A = CFK B = S N Y = C = 0 
"P : 2 10-21 it 

Recrystallization Solvent: Dichloromethane-n-hexane 
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Example \ 4 
Structure 



R 1 =5 -Me, R 2 =6-Me, R 3 =R 4 — u 

Mo R5 oTS 6=OEU A = CH ^ B = S. Y = c2o 
" P - 21 9 ~ 2 2 It Recrystallization Solvent: Ethanol-n-hexane 



Example 15 
Structure: 

P5 "IZ 0 ^ R2 =6~OMe. R 3 =R 4 = h 
R5 =R6 =OE t. A = CH. B = S. Y = C==0 
**> : 2 09-21 2t 

Recrystallization Solvent: Dichloromethane-n-hexane 



Example l 5 ~ 
Structure: 

£ :i.-sss:: £s. 6 ;2!f;v:c:o- 0 "- r4 -* 

"P : 184-18 7^ 

Recrystalliza tion Solvent: Chloroform-n-hexane 

Example J 7 
Structure : 

"p : 1 6 8-1 6 9t 

Recrystalliza tion Solvent: Dichloromethane-n-hexane 

Example j g 
Structure: 

R5 =R6 =QE t N A = CH. B = S N Y=C = 0 
116-11 9t: 
Recrystallization Solvent: Dichloromethane-n-hexane 
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Example 1 9 
Structure: 

R 1 =4-OMe. R 2 =R 3 = R 4 =H. R5 = R6 =OE t. 
A = C H» B= S. Y=S0 2 
"P : 2 0 0-2 0 4V 

Recrystallization Solvent: Dichloromethane-n-hexane 



Example 2 0 
Structure: 

R 1 =4-0Me N R 2 =R 3 =R 4 =H, R5 =R6 =OMe> 

A = C H N B = S N Y=C = 0 
MP : 1 6 2. 5-1 64. 5V 
Recrystallization Solvent: Ethyl acetate 



Example 2 1 
Structure: 

R 1 =R 2 =R 3 =R* =H. R5 =R6 =OE t N 
A = N. B = S % Y = C=0 
MP : 2 06-208*0 

Recrystallization Solvent: Methanol-n-hexane 



Example 2 2 
Structure: 

R 1 =R 2 =R 3 =H. R 4 =Me, 

R5 =R6 =OEt s A = N X B = S N Y = C = 0 
"P : 1 3 3-1 3 5^0 

Recrystallization Solvent: Dichloromethane-n-hexane 



Example 2 3 
Structure: 

R 1 =R 2 =R 3 =H X R 4 =Ph-CH 2 -> R5 =R6 =OE U 
A = N. B = S> Y = C = 0 
MP : 1 3 7-1 3 9^ 

Recrystallization Solvent: Dichloromethane-n-hexane 



15 
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w 



15 



20 



25 



txample 2 4 
Structure : 

R 1= R 2 =R 3 =R 4 =H, R5=R6= 0 

B=NH X Y=C=0 
"P : 1 73. 5-1 75. 5V 
Recrystallization Solvent: Ethyl acetate-n-hexane 



E U A = CH N 



Example 2 5 
Structure: 

R 1 =R 2 =R 3 =R 4 =H, R5 = R 6 =0 
B=N-Me N Y=C = 0 
"P : 1 8 8-1 9 O^C 

Recrystallization Solvent: Ethyl acetate-n-hexane 



E U A = CH, 



Example 2 6 
Structure: 

R 1 =R 2 =R 3 =R 4 = Hv R5 =R6 =o 
B=N-CH 2 Ph. Y=C = 0 
"P : 1 1 2-1 1 3X: 

Recrystallization Solvent: Ethyl acetate-n-hexane 



E t, A = CH, 
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Table 2 




OEt: ethoxy group, Me: methyl group, 
OMe: methoxy group. Ph: phenyl group 

Example 2 7 

Structure: 
Rl =4-OMe % R2 =R3 =R4 =h > 
R5 =R6 =-OCH (CH 3 ) 2 n A = C H N B = S, 
Y= C = O s X = Single bond % Z = -CH 2 - 

Mp : 2 06. 5-207. 5t 

Recrystallization Solvent: Ethyl acetate-n-hexane 



Example 2 8 
Structure: 

Rl =4-OMe, R2 =R3 =R4 =H, 

R5 =R6 =-0-n-C 4 H 9 . A = CH X B = S X Y = C=0 

X= Single bond N Z = -CH 2 - 

MP : 167-168. 5V 

Recrystallization Solvent: Ethanol-n-hexane 



Example 2 9 
Structure: 

Rl =4 -OMe. R2 =R3 =r4 =h. R5 =OMe v 
R6 =OEt> A=CH> B = S. Y = C = 0> X= Single bond 
Z=-CH 2 - 
«P : 1 6 6-168^ 

Recrystallization Solvent: Ethyl acetate-n-hexane 



1 
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w 



15 



20 



25 



30 



35 



example 3 q " 

Structure: 

x=s ing 2 C b L ( ^l ) _^ H A : CH ^ B = s< Y= c-O, 

"P : 1 5 5~1 5 7"C 2 

Becrys talll^tion Solent: Ethanol-n-hexane 

Example 3 ^ 
Structure: 

X=Si„glebond N 2 — CH, - C 0 
"P : 101^104^ 

Recrystallization Solvent: Ethyl acetate-n-hexane 



Example 3 2 
Structure: 



a-ch'SV v 2 : R3 =R4 =H > R 5 =R 6 =oe t 

» oo? % oT Sn Y = C = 0> X=Singlebond Z =-CH 
2 2 3-9 9/1 c<v-i \ & — IH 9 - 



"P : 22 3-224. 5t 
Recrystallization Solvent: Dichloromethane-n-h 



Example 3 3 
Structure: 



"P : 2 3 3-2 3 4^ (dec.) 2 
Recrystallization Solvent: Chlorofor»-n-hexane 



45 



50 



55 
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Structure : 




Rl =4-C0Mev R2 = fi — R r R3 — p4 — u 
R5 =R6 =0E t> A = C H N B = Ss Y = C = 0. 
X= Single bond x Z = -CH 2 - 
fy'- 2 1 9~2 2 0t (dec.) 

Recrystallization Solvent: Dichloromethane-n-hexane 




Example 3 5 
Structure: 




Rl =6~COOE U R2 =R3 =R4 =H> R5 =R6 
A = CH> B = S N Y = C = 0. X= Single bond N Z = _ 
Wp : 2 2 5^2 2 6. 5V 

Recrystallization Solvent: Chlorofonn-n-hexane 


= 0E t, 
CH 2 - 


Example 3 5 
Structure: 




Rl =6-SMe, R2 =R3 = R 4 = Hn RS = R 6 = 0 E t. 
A = CH. B = S. Y = C = 0. X=Single bond x Z = -CHo - 
"P: 1 7 9-1 8 0T: 

Recrystallization Solvent: Dichloromethane-n-hexane 


Example 3 7 
Structure: 




Rl =6-OCH 2 Ph. R2 =R3 = R 4 = H . R5 =R6 = 0 E U 
A = CrK B = S X Y=C = 0. X=Single bond N Z = -CH 9 - 
"p: 182-18 3^ 

Recrystallization Solvent: Chloroform-n-hexane 


Example 3 3 
Structure: 




Rl =6-CONH 2 N R2 =R3 =R4 = H> R5 =R6 
A = CH> B = S N Y=C = 0> X=Single bond N Z=- 
257-258. 5V 
Recrystallization Solvent: Chloroform-methanol 


= OE t N 
CH 2 - 
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I 

Example 39 ^""^ 
Structure: 

,rS s H ; n B = S > Y = C = 0, X= 0. Z=Singlebond 
J H-NMR (6 : ppm) [CDC* 3 ] : 
3. 55 (s 3H>. 6 73 (d. 1 H, J= 7 . 9Hz), 

r 2 . 1 o 7 ( b f. c T: !h) h) ' 7 - 9 " 8 - 4(m - 4H) - 

MS (EI) m/z : 
5 32 (M+) ,3 5 3 (M- C 8 H 7 N 2 OS, base) 

Example 4 Q " 
Structure: 

R1 -5-C*„ R2 = R3 = R4 = H . R5 =R6 =0 Et 
A = CH N B=0, Y = C=0, X=Single bond z=-PH 
"P : 1 90. 5-1 92. 0V ■ > " 2 

Recrystallization Solvent: Ethyl acetate 



Example 4 1 
Structure: 



R5 ;R6"2oE 2 t: C ° OE U ^ =H ^ 

A = CH. B = S N Y = C = 0. X=Single bond x 7=-CH - 

"P : 1 87. 5-1 8 8. 5°C H2 

Recrystallization Solvent: Chloroform-n-hexane 



Example 4 2 
Structure: 



Rl_ = 4-OMe. R2 = R 3 = R 4 = H , R5 = R 6 = 0 £ t 
A-CHvB = S, Y = C = 0. X= Single bond N 2=-CH- 

*P'- 7 4-7 6^C Recrystallization Solvent: Chlorof ora-n-Sxane K 



OA 
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Example 4 3 
Structure: 



Rl =4 -OMe, R2 =R3 =R4 = H> R5 = R 6 =OE t 
A = CH N B = S X Y = C = 0> X =Single bond > z=-CH- 



"P : 8 5-8 7^ Recrystallization Solvent: Ethanol-n-hexane 



Rl =4-Ph, R2 =6-Br % R3 =R4 = H . 
R5 =R6 =OE t N A = CH X B = S X Y = C = 0, 
X =Single bond > Z = -CH 2 - 
"P: 2 08-2 09*0 

Recrystallization Solvent: Chloroform-n-hexane 



Example 4 5 
Structure: 

R 1 =4-OMe. R2 =R3 =R4 = Hx R5 = OE U 
R6 =OCH 2 P h, A = C H N B = S N Y = C = 0, 
X=Single bond N Z = -CH 2 - 
MP : 1 4 0-1 4 3*C 

Recrystallization Solvent: Ethyl acetate-n-hexane 



Example 4 5 
Structure: 

Rl = 4-OMe. R2 =R3 =R4 = H . R5 =OH. R6 =OE t> 
A = CH N B = S. Y=C = 0 N X= Single bond N Z = -CHo - 
"P : 2 5 5-2 5 6. 5^C (dec.) 1 \ 




Example 4 4 
Structure: 



21 
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5 


Example 4 7 
Structure: 






10 


Rl =4-OMe, R2 =R3 = R 4 = Hx R5 
A = CH S B = S N Y = C = 0, X = 0, Z = - 
MP : 1 5 0-1 5 3°C 

Recrystallization Solvent: Dichloromethane-n-1 


= R6 
CH 2 

lexane 


= 0E t x 
CH 2 - 




Example 4 3 
Structure: 






»5 
20 


R1 =4 -OMe N R2 =R3 =R4 =H N R5 
A = CH, B = S. Y = C = O x X = 0, Z=- 
168-170. 5TJ 
Recrystallization Solvent: Ethanol-n-hexane 


= R6 

CH 2 


= 0E t N 
CH 2 CH 2 - 
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Formulation Example 1 



30 



35 



40 



45 



Ingredient 


Amount (g) 


Compound of Example 3 
Lactose (JP) 
Corn starch (JP) 

Carboxymethylcellulose calcium (JP) 
Methylcellulose (JP) 
Magnesium stearate (JP) 


250 
33.5 
16.5 
12.5 
6.0 
1.5 


Total 


320.0 



EXamP ' e * ' aCtoSe - COm Starch «* carboxymemy. 
gmSS^Z 2 9 H anU,a,ed USi " 9 3n 4que ° US S0,uti0n of meth y' The 

Formulation Example 2 Manufacture of capsules 

each^ in . Exa ? ,e 5 aS " active in ^edlent. hard gelatin capsules (1000 units) 

containing 250 mg of the active ingredient were manufactured according to the following formula. 



50 



55 
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Ingredient 


Amount (g) 


Compound of Example 5 


250 


Crystalline cellulose (JP) 


30 


Corn starch (JP) 


17 


Talc (JP) 


2 


Magnesium stearate (JP) 


1 


Total 


300 



70 

Thus, according to the above formula, the respective ingredients were finely divided and the powders 
obtained were blended to give a homogeneous composition. This composition was filled into proper-sized 
gelatin capsule shells for oral administration to provide the objective capsules. 

75 Formulation Example 3 Manufacture of granules 

Using the compound obtained in Example 13 as an active ingredient, granules (1000 g) containing 500 
mg of the active ingredient in each gram were manufactured according to the following formula. 



20 


Inqrdient 


Amount (g) 




Compound of Example 13 


500 




Crystalline cellulose (JP) 


100 




Corn starch (JP) 


250 


25 


Lactose (JP) 


100 




Carboxymethylcellulose calcium (JP) 


40 




Hydroxypropylmethylceliulose (JP) 


10 




Total 


1000 



30 



Thus, according to the above formula, the compound of Example 13, lactose, corn starch, crystalline 
cellulose and carboxymethylcellulose calcium were thoroughly blended and kneaded with an aqueous 
solution of hydroxypropylcellulose. The resultant composition was granulated using an extrusion granulator 
and dried at 50 • C for 2 hours to provide the objective granules. 

35 

Pharmacological Test Example 1 

Hypolipidemic effect in rats with Triton WR1339-induced hyperlipidemia 

40 An experiment for assaying hypolipidemic activity in rats with Triton WR1339-induced hyperlipidemia 
was performed according to the method of Kuroda et al. [Biochem. Biophys. Acta., 489, 119 (1977)], as 
follows. 

Thus, using 6 - 7-week-old male Wistar rats in groups of 6 (test groups), a solution of 300 mg/kg Triton 
in physiological saline was administered into the tail vein and. at the same time. 100 mg/kg of the test 
45 compound suspended in 5% gum arabic solution was administered orally. 

As a control group, a group of 6 rats given Triton were orally dosed with 5% gum arabic solution. 
Twenty-four hours after administration of Triton, blood was withdrawn from the abdominal aorta and the 
plasma total cholesterol and triglyceride were determined using Cholesterol C-Test Wako and Triglyceride 
G-Test Wako (both available from Wako Pure Chemical Industries. Ltd.). respectively. 
50 Using the measured values in the control group as references, the rates of decrease (%) in plasma total 
cholesterol and triglyceride in the test group were calculated by means of the following equation. 



(Control group (Test group 
value) - value) 

Rate of decrease (Z) - x 100 

(Control group value) 
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^ ^ The test rats were deprived of food before Triton administration through completion of blood samolino 
uui allowed free access to drinking water. The rates of decrease in total cholesterol are shown in Table 3 
and those in triglyceride are shown in Table 4. 



Table 3 



io 



15 



20 



Test compound 


Rate of decrease in 


(Example No.) 


total cholesterol (%) 


1 


40 


3 


56 


13 


70 


26 


43 


27 


42 


29 


47 


30 


79 


31 


69 


34 


71 


42 


45 


43 


45 


45 


62 



Table 4 



Test compound 


Rate of decrease in 


(Example No.) 


triglyceride (%) 


1 


62 


2 


44 


3 


83 


4 


47 


10 


40 


11 


44 


13 


94 


20 


48 


25 


54 


26 


63 


27 


81 


.29 


87* 


30 


95 


31 


92 


32 


47 


34 


97 


42 


81 


43 


80 


45 


91 



50 It is apparent from Tables 3 and 4 that all species of the compound of the invention have excellent 
hypolipidemic activity. 

Pharmacological Test Example 2 

55 Hypoglycemic effect in rats with streptozotocin-induced diabetes 

The rat model of streptozotocin-induced diabetes was constructed according to Doi's method [Folia 
Endocrinologica Japonica. 51 (3). 129 (1975)] as below and the hypoglycemic activity of the compound of 
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the invention was assayed in the model by the following procedure. 

Thus, using 5-week-old male Wistar rats in groups of 7 (test groups). 100 mg/kg of streotozotocin 
dissolved in 0.01 M citrate buffer (pH 4.5) was administered into the tail vein and on day 6 after this 
administration, a suspension of 30 mg/kg of the compound obtained in Example 3 in 5% aum arable 
solution was orally administered. 

As a control group, a group of 6 rats given streptozotocin were orally dosed with 5% gum arabic 



solution 



Four hours after administration of the test compound or 5% gum arabic solution, blood was withdrawn 
from the abdominal aorta and the plasma glucose was determined using Glucose C ll-Test Wako (Wako 
Pure Chemical Industries, Ltd.). 

The results in terms of mean ± SO are shown below in Table 5. 



Table 5 





Plasma glucose level (mg/dl) 


Control group 


588 ±69 


Test group 


495 ± 53 • * 



P<0.01 [Dunnet's test] 



It is apparent from the above table that the plasma glucose level in the test group was significantly - 
depressed as compared with the control group, indicating that the compound of the invention has excellent 
hypoglycemic activity. 

Claims 

1. A phosphonic diester derivative of the general formula 




[wherein R 1 , R 2 and R 3 are the same or different and each represents a hydrogen atom, a lower alkyl 
group, a phenyl group, a lower alkoxy group, a halogen-substituted lower alkyl group, a halogen- 
substituted lower alkoxy group, a lower alkanoyl group, a benzoyl group, a (lower)alkoxycarbonyl group, 
a nitro group, a halogen atom, a (lower)alkylthio group, a phenyl(lower)alkoxy group, a carbamoyl group 
or a (lower)alkoxycait>onyl(lower)alkoxy group; R 4 represents a hydrogen atom, a lower alkyl group or a 
phenyl(lower)alkyl group; R 5 and R 6 are the same or different and each represents a lower alkoxy 
group, a phenyl group, a phenoxy group, a phenyl(lower)alkoxy group or a hydroxyl group; A 
represents a carbon atom or a nitrogen atom; B represents a group of the formula = NR 7 (where R 7 
represents a hydrogen atom, a lower alkyl group or a phenyl(lower)alkyl group), an oxygen atom or a 
sulfur atom; Y represents a group of the formula C = 0 or a group of S0 2 ; X represents an oxygen atom 
or a bond; Z represents a lower alkylene group optionally having a lower alkyl or phenyl(lower)alkyl 
group as a substituent or a bond; provided,, however, that X and Z do not concurrently represent 
bonds] 

2. The phosphonic diester derivative of Claim 1 which is represented by the general formula 
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N 

II o 0 

A « r-\ ii 

N-c/yCH 2 -P-R5- 
R 

(wherein R\ R 2 and R3 are the same or different and each represents a hydrogen atom, a lower alkyl 
group, a phenyl group, a lower alkoxy group, a halogen-substituted lower alkyl group a halooen- 
subsftuted lower alkoxy group, a lower alkanoyl group, a benzoyl group, a (lower)alkoxycarbonyl group 
a n.tro group a halogen atom, a (lower)alkylthio group, a phenyl(lower)alkoxy group, a carbamoyl group 
or a (lower)alkoxycarbonyl(lower)alkoxy group; R* and R"' are the same or different and each 
represents a lower alkoxy group, a phenyl group or a phenyl(lower)alkoxy group] 

3. The phosphonic diester derivative of Claim 2 wherein R«. R 2 and R 3 are groups selected from the class 
cons.st.ng of a hydrogen atom, a lower alkoxy group, a lower alkanoyl group and a halogen atom. 

4. The phosphonic diester derivative of Claim 3 which may be represented by the general formula 

Rl' 

N 



& N-C-f VCH,-P-R5 



I \=/ l 6 . 
H R 

[wherein R' represents a lower alkoxy group. R 5 ' and R 6 ' are the same or different and each represents 
a lower alkoxy group, a phenyl group or a phenyl(lower)alkoxy group]. 

5. The phosphonic diester derivative of Claim 3 which is a compound selected from the class consisting 

(1) Diethyl 4-[(4-methoxybenzothiazol-2-yl)carbamoylhbenzylphosphonate. 

(2) Diethyl 4-[(4.6-dimethoxybenzothiazol-2-yl)-carbamoyl]benzylphosphonate. 

(3) Diethyl 4-[(4-acetyl-6-bromobenzothiazol-2-yl)carbamoyl]benzylphosphonate. and 

(4) Diethyl 4-[(4-chlorobenzothiazol-2-yl)carbamoyl]benzylphosphonate. 

6. The phosphonic diester derivative of Claim 5 which is diethyl 4-[(4-methoxybenzothiazol-2-ylKar- 
bamoyljbenzylphosphonate. 

7. An antihyperlipidemic composition comprising the phosphonic diester derivative claimed in any of 
Claims 1 through 6 as an active ingredient 

8. An antidiabetic composition comprising the phosphonic diester derivative claimed in any of Claims 1 
through 6 as an active ingredient. 

9. A method of treating hyperlipemia characterized by administering to a patient a pharmacologically 
effective amount of the antihyperlipidemic composition claimed in Clam 7. 

10. A method of treating diabetes characterized by administering a pharmacologically effective amount of 
the antidiabetic composition claimed in Claim 8. 
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